Alfalfa cryptic virus 1 (ACV1) was purified from alfalfa plant clone (Medicago sativa) and characterized. The genome ofACV 1 consists of two dsRNAs, one with an estimated Mr of 1-27 x 106 (RNA 1) and the other of Mr 1.17 x 106 (RNA 2); the virus capsid is built from one polypeptide of estimated Mr 54000. An RNAdependent RNA polymerase able to replicate the genomic RNAs in vitro is associated with purified virus particles. In vitro translation showed that each of the genomic RNAs encodes a polypeptide and that encoded by RNA 2 is the capsid protein. These polypeptides account for about 95 % and 83 % of the coding capacity of RNA 1 and RNA 2, respectively. In Western and
Introduction
The cryptovirus group contains small isometric plant viruses with genomes composed of either two or three molecules of dsRNA. These viruses are peculiar in that they apparently cause no symptoms and are not grafttransmissible, but they are present in all parts of the carrier plant in a low concentration and their only known means of transmission is through seed and pollen to the progeny (for a review see Boccardo et al., 1987) . RNAdependent RNA polymerase activities are associated with purified particles of white clover cryptic viruses 1 and 2 (WCCV 1 and WCCV 2; Boccardo & Accotto, 1988) , carnation cryptic virus (CarCV; Marzachi et al., 1988) and beet cryptic virus 1 (BCV 1 ; G. P. Accotto & G. Boccardo, unpublished results) . In in vitro translation experiments the two RNAs of BCV 1 behave as monocistronic messages, the smaller RNA codes for the capsid protein and the larger codes for a polypeptide that might be the polymerase (Accotto et al., 1987) . Similar results were recently obtained with WCCV l, WCCV 2 and CarCV (G. Boccardo, D. D. Dunigan and G. P. Accotto, unpublished results).
Alfalfa (Medicago sativa) is known to contain cryptic viruses, but there is little information about them . Particles of about 30 and 38 nm in diameter have been detected in alfalfa, but the 38 nm particles are rare. The 30 nm particles were designated to be those of alfalfa cryptic virus 1 (ACV 1) and were found to be serologically related but not identical to hop t Present address: Plant Science Institute, Avenue de la Terrasse, 91198 Gif-sur-Yvette, France. 0000-9221 © 1990 SGM trefoil cryptic virus 1 (HTCV 1) from M. lupulina . Two dsRNAs of estimated Mr 1.27 x 106 and 1.17 × 106, probably those of ACV 1, were associated with particles purified from alfalfa, and a third, larger dsRNA (Mr 2.70 × 106) was found in crude plant extracts and in partially purified virus preparations (Natsuaki et al., 1986; Boccardo et al., 1987) .
In the present study we have partly characterized ACV 1 and shown that it shares the features of the better studied cryptic viruses and that it is related to HTCV 1 at the nucleic acid level.
Methods
Source of virus. M. sativa 'Ecotipo Romagnolo' was used as the source of virus. One-hundred seedlings were grown in individual pots in an insect-proof glasshouse and serologically screened for the presence of alfalfa mosaic virus. Plants not infected with alfalfa mosaic virus were examined for the presence of cryptic viruses using double antibody sandwich ELISA with antiserum to ACV-M, as previously described (Natsuaki et al., 1986) , and gel electrophoresis of dsRNA extracts (Morris & Dodds, 1979) . The plant with the highest content of ACV 1 and a virus-free plant were then vegetatively propagated and used as source material for the remaining experiments.
Electron microscopy. AC¥ 1 particles in crude leaf sap were bound to grids by immunosorbent electron microscopy (ISEM) using ACV-M antiserum diluted 1/1000 and negatively stained with uranyl acetate.
Virus purification. ACV 1 was purified as previously described (Boccardo & Accotto, 1988 ; method A), with a final equilibrium density centrifugation in caesium chloride. The virus was finally pelleted by ultracentrifugation, resuspended in water and stored at -80 °C.
Particle composition. Viral proteins were analysed in 10% denaturing gels (Laemmli, 1970) and either stained with Coomassie blue or electroblotted to nitrocellulose membranes and stained with amido black. The viral dsRNAs were extracted with phenol and chloroform in the presence of 0.5 % SDS, precipitated from 70% ethanol and analysed on 5% polyacrylamide gels buffered in 90 mM-Tris, 90 mM-borate, 3 mM-EDTA, pH 8.3.
Polymerase assay. The two systems previously described as optimal for WCCV 1 and WCCV 2 (Boccardo & Accotto, t988) were used, with overnight incubation at 35 °C, the reaction products were analysed by enzymic digestions and gel electrophoresis, as described by Boccardo & Accotto (1988) .
In vitro translation. Denatured genomic dsRNAs were translated in wheatgerm cell-free extracts prepared according to Davies (1979) and incubated at 30 °C for 1 h. Analysis of the products, immunoprecipitation and other details were as in Accotto et al. (1987) . In order to translate the RNAs individually they were separated in 1% agarose gels, recovered on pieces of DEAE-cellulose paper and eluted as described by Dretzen et al. (1981) .
Western blotting.
To detect possible serological relationships of ACV 1 with other cryptic viruses, ACV 1 proteins were transferred, after electrophoresis, to nitrocellulose membranes (Towbin et al., 1979) and probed with antisera to the following viruses: ACV-M, CarCV (Lisa et al., 1981) , HTCV-M , WCCV 1 (Boccardo et al., 1985) and WCCV 2 (Luisoni & Milne, 1988) . Reactions were detected using a goat anti-rabbit serum conjugated to alkaline phosphatase (Kirkegaard & Perry Laboratories) at a final dilution of 1/1000, according to Blake et al. (1984) .
Northern blots. Glyoxylated dsRNA was separated by gel electrophoresis in 1% agarose gels (McMaster & Carmichael, 1977) , transferred overnight to nitrocellulose in 20 × SSC by capillary blotting (see Maniatis et al., 1982) , vacuum-baked and probed as follows. The RNAs synthesized by an overnight standard polymerase reaction (see Results) where [3zp]UTP was included as the labelled ribonucleoside triphosphate, were phenol-extracted, purified on a Sephadex G-50 column, denatured and used as probes. Prehybridization and hybridization were done at 65 °C in 4 × Denhardt's solution, 3 x SSC and 10 ~tg/ml sonicated denatured salmon sperm DNA (Maniatis et al., 1982) . The membranes were washed twice at 65 °C for 30 min in 2 x SSC and 0.1% SDS, and twice for 30 min in 0.1 x SSC and 0-1% SDS, then dried and exposed to X-ray film.
Results

Preliminary screening
O n the basis o f d s R N A analysis, t h r e e plants o f the eight e x a m i n e d g a v e the e l e c t r o p h o r e t i c p a t t e r n e x p e c ted for A C V 1 (Fig. 1, lane 5) . P l a n t s w i t h o u t this p a t t e r n did not a p p e a r to c o n t a i n o t h e r d s R N A s in the size r a n g e e x p e c t e d for cryptic viruses, but all the eight plants e x a m i n e d c o n t a i n e d R N A o f Mr 2.70 × 106 ( N a t s u a k i et al., 1986). U s i n g the A C V -M a n t i s e r u m in E L I S A w e identified as A C V carriers the s a m e plants as those c o n t a i n i n g the A C V 1 R N A s . T h e p l a n t g i v i n g the h i g h e s t A40s in E L I S A also s e e m e d to h a v e the h i g h e s t c o n t e n t o f d s R N A s a n d was v e g e t a t i v e l y p r o p a g a t e d as the source o f virus for this work. 
Character&tics o f virus particles
Virus particles t r a p p e d by I S E M (Fig. 2 ) w e r e r o u n d e d , a b o u t 30 n m in d i a m e t e r a n d w e r e largely p e n e t r a t e d by stain, as r e p o r t e d for A C V 1 a n d H T C V 1 (Luisoni et al., 1987). In caesium chloride equilibrium gradients ACV 1 banded at a density of 1.34 to 1.35 g/ml. Electrophoresis of its dsRNAs revealed two bands (RNA 1 and R N A 2, of Mr 1"27 x 106 and 1.17 x 10 6, respectively; Fig. 1 , lane 8). When coelectrophoresed with the dsRNAs of ACV-M (Natsuaki et al., 1986) , the R N A 1 and R N A 2 bands from the two sources were coincident. The Mr 2.70 x 106 band was not detected in purified virus preparations, although it was present at earlier stages of purification. Electrophoresis of ACV 1 proteins revealed a single band of apparent Mr 54000 (Fig. 3, left panel) .
Polymerase activity
Both methods used gave evidence that RNA-dependent R N A polymerase activity is associated with ACV 1 particles. The W C C V 2 method gave a higher incorporation of labelled U M P and was therefore used as the standard method for the remaining experiments. When the polymerase products were analysed in acrylamide gels and the gels processed for fluorography, two bands comigrating with the two genomic dsRNAs were found (Fig. 4) . The two genomic R N A s were present in approximately equal amounts (see Fig. 1 , lane 5), but for R N A s made in vitro there was more R N A 1 than R N A 2, suggesting that the polymerase synthesized more R N A 1 than R N A 2. Treatment with RNase A in high salt buffer or with DNase I had little effect on TCAprecipitable counts (86~ and 9 2~ respectively, of the control, which was between 8000 and 15000 c.p.m., the average of three experiments). On the other hand, when RNase was used in low salt buffer, the polymerase reaction products were almost completely digested, leaving only 4~ of TCA-precipitable counts. The enzymic digestions and gel electrophoresis show that the enzyme associated with ACV 1 particles can replicate the dsRNA viral genome in vitro.
In vitro translation
In wheatgerm extracts the genomic R N A s of ACV 1 were translated into two major polypeptides with apparent Mr of 67000 (P1) and 53000 (P2). Only P2 was precipitated by ACV-M antiserum (Fig. 5, left panel) . When individual RNAs recovered from gels were used R N A 1 was found to code for P1 and R N A 2 for P2 (Fig.  5, right panel) . R N A 1 was probably slightly contaminated with R N A 2 as a small amount of P2 was also present, but was barely visible in lane 4.
Western blots
ACV 1 capsid protein reacted readily with ACV-M and H T C V -M antisera, although the reaction with H T C V -M antiserum was consistently less intense. There was no reaction with any of the other antisera used (Fig. 3, right  panel) . G. P. Accotto and others Fig. 1 run on a 1% agarose gel after denaturation with glyoxal and probed with a 32p-labelled ACV 1-specific probe. Lettering as in Fig. 1 .
Northern blots
The ACV 1 probe hybridized with ACV 1 and HTCV 1 RNAs, but not with d s R N A from the other cryptic viruses tested, or from maize rough dwarf reovirus (Fig.  6 ). The reaction was stronger with R N A 1 than with R N A 2 of both ACV 1 and HTCV 1. The R N A of Mr 2.70 x 106 (see Fig. 1 , lane 5) did not react with the probe.
Discussion
ACV 1 is similar to the few other cryptic viruses so far examined in that it has an RNA-dependent R N A polymerase (replicase) associated with the virion and its RNAs are monocistronic, the smaller coding for the capsid protein. The two major polypeptides encoded in vitro account for about 95% and 83% of the total coding capacity of R N A 1 and R N A 2, respectively. There was a slight discrepancy between the estimates of size of the capsid protein subunit (54000) and of P2 (53000), although both reacted with ACV 1 antiserum. This was also found with BCV 1 (Accotto et al., 1987) where the capsid protein was reported to have an Mr of 54000 to 55000, but that encoded by R N A 2 was Mr 52000. The protein produced in vivo may be slightly different from the one expressed in the in vitro translation system. Alternatively, a more trivial explanation may be that different size markers were used in stained gels and those subjected to fluorography. A relationship between ACV 1 and H T C V 1 R N A s is also evident in that the numbers and sizes of the R N A species are similar and the reaction of HTCV 1 RNAs with the ACV 1 probe is strong.
The method we used to obtain a very specific probe from a virus that can transcribe R N A in vitro could find application with other viruses that possess in vitro polymerase activity. Compared to a random-primed c D N A it has the advantage that the R N A -R N A hybrid is very stable and therefore the membrane can be washed in conditions of high stringency without loss of sensitivity. A second advantage is that a large part of the probe will be composed of full-length RNAs. However, in this specific case the prevalence of one R N A species over the other in the probe must be taken into account.
We confirm that, as suspected (Natsuaki et al., 1986; Boccardo et al., 1987) , the d s R N A of Mr 2.70 x 106 found in alfalfa plants is not associated with the ACV 1 genome, it is eliminated if the virus is purified to equilibrium in CsC1 and is not found in the products of the polymerase reaction. It is commonly found in ACV 1-free alfalfa plants. Also, Northern blots showed no detectable sequence homology between this R N A and the two genomic RNAs. Similar dsRNAs with an M r of about 3 x 10 6, but not of cryptic virus origin, are also commonly observed in d s R N A extracts of beet, carnation and white clover plants or dsRNA extracted from partially purified cryptic virus preparations (G. Boccardo, G. P. Accotto & C. Marzachi, unpublished results and Fig. 1) .
Finally, the finding of two closely related viruses in different species of Medieago is of evolutionary interest. Perhaps, assuming no horizontal transmission, the viruses have diverged from a common ancestor in parallel with the divergence of the two plant species from their ancestor.
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